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Abstract. As sensing technologies advance, designers face an increasing variety of exploitable context when they create
intelligent context-adaptive systems. In this opaque conglomerate of context, designers of intelligent systems find it difficult to
select the elements that most effectively help a system tap into its full potential of intelligence. In emerging technology-driven
areas, there is a vital need for a universally valid, flexible structure that provides the basis for target-oriented research using a
shared conceptualization. In fact, such a framework is essential to enable, yield, and foster sustainability in a novel and
interdisciplinary research field. For this reason, this paper introduces a cohesive and flexible conceptual framework for
conceptualizing context for intelligent systems (CCFIS). Based on an example of the pervasive advertising domain, this paper
shows how designers can conceptualize context in adherence to CCFIS.
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such as to advance sensor technologies [e.g., 41] and

1. Introduction

In 1991, Weiser [56] presented the vision of a
world where technology is smoothly woven into
people’s everyday lives. This vision reflects
intelligent environments [18], in which applications
are aware of their context [17] and can change their
behavior according to this context [7].

Early research in context-aware computing goes
back to the 1990’s [46]. Since then, researchers have
studied context-aware systems from myriad angles,
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the processing and storing of context data [e.g., 18].
However, research on intelligent context-adaptive
systems is scattered and mainly prototype-driven. In
the field, the research community works on
individual problems that need to be solved in the
different phases of system development (e.g., data
collection challenges, data aggregation, sensor
fusion, adaptivity, machine learning, etc.). Probably
due to the versatility of challenges that researchers
face in the field, the community has not yet
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established a holistic and systematic methodology
that specifies how intelligent systems should be built.

A pivotal ingredient of intelligent context-adaptive
systems is known as ‘context’. Despite the
importance of context for intelligent systems, there
still lacks a single, unified definition of it [12], and
works that attempt to enumerate context elements are
largely divergent [2]. A context element describes
one contextual aspect of the variety of context.
Examples for context elements include the location
of a user, outdoor temperature, speed of a car, etc.

However, when system designers plan intelligent
context-adaptive systems, they need to anticipate the
relevant combinations and characteristics of context
elements that could occur in a real situation before
the system is actually implemented. Given the vast
number of context elements available to consider in
intelligent systems, anticipating all relevant elements
for a particular system at the design stage is a
difficult task. Thereby, the choice is not whether to
conceptualize context (and, thus, to simplify, reduce,
and objectify it) but how to do it [11]. In other words,
system designers need a systematic approach for
identifying potentially relevant context elements.
Yet, in the absence of such an approach, system
designers currently seem to rely only on their
personal knowledge, intuition, experience, and
cognitive abilities.

To address these challenges, the present paper
proposes a framework for conceptualizing context for
intelligent systems (CCFIS). Specifically, this paper
targets researchers and system designers in the field
of intelligent context-adaptive systems. Those
researchers and designers can use the suggested
CCFIS as a guide for eliciting potentially relevant
context elements for a certain, envisaged intelligent
context-adaptive system. CCFIS is designed to cover
the conceptualization of context as an additional task
in the development process, which designers do not
have to consider when developing systems that are
not context-adaptive. Accordingly, the proposed
framework is designed to cover the conceptualization
of context in the creativity phase of system design,
which is more or less explicitly integrated in all
software development process models. Note that the
framework is conceptual and is not intended to
replace formal methodologies for context modeling,
nor does the framework claim to represent a formal
method.

The article is structured as follows: The next
section introduces the reader to the field of context
conceptualization. The third section documents how
the framework was built. The fourth section proposes

a framework for deriving the relevant context
elements for an intelligent context-adaptive system
(CCFIS). The fifth section discusses an instantiation
in the field of context-adaptive advertising displays
(digital signage, pervasive advertising) in retail. A
critical discussion of the findings follows in the sixth
section, and the paper closes with a conclusion.

2. Conceptual foundations

2.1. Recent conceptions of context awareness

In its early days, context awareness built on the
assumption of a single-user, single-device
relationship. Accordingly, conceptions of context
awareness considered context elements (situational
factors) that influence the interaction between one
application and its single user [14]. Because devices
had limited sensing capabilities at that time, the
context elements that could be adopted by
‘intelligent” systems were largely confined to the
user’s location and time [2].

Recently, there was a momentous shift from
context awareness towards “socially-aware” concepts
[34]: Because of advanced technology, multiple users
and multiple devices may interact in heterogeneous
environments [34]. This novel conception is enabled
by advancements in socially-aware computing,
especially reality mining, which allows detailed
insights into human life [42]. Beyond built-in sensors
in devices (such as the accelerometer, compass, and
gyroscope that are nowadays embedded in any
common smartphone), sensory input can also be
gathered from any kind of information source (e.g.,
online sensors such as Twitter feeds or playback
sensors that generate data streams from repositories)
[35]. In short, almost anything can be used as sensory
input; the number and versatility of exploitable
context elements for intelligent systems have
increased enormously. As a result, the need for a
systematic conceptualization of context is more vital
than ever before.

2.2. Approaches to conceptualize context

In the field of software engineering, many
publications are dedicated to the conceptualization of
some issue (e.g., software testing as a service [57],
the software life cycle [1], interpersonal relationships
in agile information systems development [37]),
which forms a basis for further software engineering
efforts.



In addition to conceptualizing such issues, system
designers must also conceptualize context to
seamlessly support the intelligence of all conceivable
behavior of an intelligent context-adaptive system.
“How are dimensions of context identified,
quantified, and interrelated for each situational
purpose?” [6]. Bauer and Spiekermann [3] define
context conceptualization as “the process by which a
personalization situation is deconstructed into
measurable and logically disjunctive information
units, all of which must be combined to create an
adaptive service.”

Scholars already work on deconstructing and
identifying disjunctive information units; they
propose so-called generic context models. While a
specific context model specifies relevant context for a
certain context-adaptive system, a generic context
model aims to describe the variety of context
independent of any specific system. This approach to
context conceptualization (context modeling) is
static.

Various generic context models exist, and these
differ considerably in the variety of context
categories that they include. While some models
organize context into only a few categories and
hierarchy levels [e.g., 33], others provide a rich array
of context categories and examples [e.g., 50].
However, the richer models are not necessarily
comprehensive: Bauer [2] could show that 27% of
the context elements reported in the Pervasive
Computing Magazine are not covered by any of the
13 models considered in the study. Additionally,
although many models contain some identical
context elements (e.g., location, time, environment),
the majority identifies some unique context
categories (cf. Tab. 1). This heterogeneity of context
categories also indicates that the models rarely build
on each other.

Overall, existing generic context models organize
the variety of context and, thus, provide a structured
description of what context is about on a more or less
abstract level. However, conceptualizing context
requires more than a static structure with predefined
categories. We claim that designers can only identify
meaningful, relevant context elements (from the
variety of context) for a specific intelligent context-
adaptive system by using a process approach.

Against this background, the present paper
suggests a framework for conceptualizing context
that considers a process-orientation instead of a static
approach. In doing so, the framework builds on
generic context models — thus, building on previous

findings — and combines them with procedural
techniques.

2.3. Integrating context conceptualization into the
software development process

Traditional software engineering process models
following the software development life cycle
(SDLC) [55], such as the waterfall model [44], spiral
model [4], or V-model XT [8], have long
development cycles with stable requirements in one
cycle. Agile software development methods -
including extreme programming (XP) [31]-
dynamically adapt requirements in frequently
rotating cycles.

Still, both approaches to software development do
not explicitly consider the complexity, variety, or
multi-dimensionality of context. We suggest that,
irrespective of the dynamism of requirement changes,
defining context requirements is an additional, but
indispensible, task on top of determining other
system requirements. System designers must identify
the context that best supports the system’s adaptivity
goal. As Chalmers [10] points out, the question faced
by system designers is not whether to reduce,
objectify, or constrain context for a context-adaptive
system, but how to do it.

Identifying the context elements that serve the
purposes of a particular intelligent context-adaptive
system is complex [13, 19], not only due to the
versatility of context, but also because of the
challenge accompanying implicit interaction between
user and system. At present, the development of
context-adaptive systems is governed by ad-hoc
processes [49] and “wild-west” prototyping [36], and
system designers seem to use a so-called
“i-methodology” [40].

3. Framework development

Developing a framework is an inherently iterative
search and design process that follows a set of
continuous cycles of generating and evaluating
design alternatives. By taking an informed argument
approach [23], we iteratively used information from
the knowledge base throughout the design process of

creating CCFIS as it is presented in Section 4. In the
initial phase we tapped the knowledge base of the
research domain ‘context conceptualization’ and
critically analyzed literature in group reflection
sessions. Then, we gradually improved a CCFIS draft
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Fig. 2. A framework for conceptualizing context for intelligent systems (CCFIS)

version by following the informed argument
approach and generating enhanced design
alternatives. Group reflection phases after each
generate/evaluation cycle helped to converge
different design alternatives into one coherent
framework. Each cycle contributed to the
advancement of CCFIS, leading to the final version
as presented in Section 4. This final version was then
applied in a case study for a summative evaluation of
the framework. The approach of generating and
evaluating CCFIS is visualized in Fig. 1.
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Fig. 1. The generation/evaluation cycle

4. The framework for conceptualizing context

The purpose of the proposed CCFIS is to
conceptualize context for a specific intelligent
context-adaptive system; i.e., to identify the context
elements (from the variety of context) that are
relevant for the specific system. As, beyond
determining other system requirements, designers
must identify the context elements that best support
the system’s adaptivity goal, they shall determine
relevant context elements independently of any
considerations regarding the deployable technology
(paradigm of opportunistic sensing [35]). Thus,
system designers apply CCFIS in the creativity phase
of system design, no matter which software
development approach is generally followed. The
independence from any technical implementation is
crucial in the early stage of system design; the
question  should not be what technical
implementation to use, but which purpose the system
should serve. Work on the “multi-modal, multi-
model approach” shows that anticipating technical
implementations may ex-ante restrict design options
for a system and may even prevent a system from
best fulfilling its purpose [16, 32].

Basically, there are five main stakeholders in an
intelligent context-adaptive system: (1)a system



designer who designs a system, (2) a data provider
(licenser) who provides data and may license these to
clients, (3) an integrator who integrates the system
and data provision and provides a full package to
clients, (4)a system operator who provides and
operates a system, and (5)a user who uses the
respective system, either implicitly or explicitly. In
many cases the system operator, who provides and
operates the system, will have more or less stake in it
than the user, who uses it.

Initially, CCFIS takes the system operator’s
perspective. Simultaneously, it integrates the user’s
perspective, since it is important to understand
potential users” preferences, habits, desires,
behavioral patters, etc. As a result, CCFIS’ approach
to conceptualizing context is both top-down and
bottom-up. The process is top-down driven (model
driven) to characterize the field of application on
behalf of the system operator. Bottom-up, it is driven
by the aim to understand the user. CCFIS takes and
considers the system operator’s and the user’s
perspective, but it addresses the system designer,
who is the actor that will apply CCFIS.

As indicated above, CCFIS’ approach to
conceptualizing context is both top-down and
bottom-up (Fig. 2). The top-down approach is
informed by an analysis of generic context models
and involves reflecting on context categories that
might be relevant for the envisaged system. In
contrast, the bottom-up approach considers context
elements in each of the identified context categories.
System designers use these two perspectives to
analyze the system’s context in up to N phases,
refining the analysis each time.

Applying CCFIS  supports  designers in
determining the context elements that may be
relevant for a given intelligent context-adaptive
system or bundle of such systems. Finally, the
identified, relevant context elements are represented
by an ontology.

4.1. Specification of the envisaged intelligent
system’s goals

Before system designers may conceptualize
context, they must specify the envisaged system’s
goals and functions at a business logic level. System
designers need this specificity in order to identify the
context that may support or enable the system [13].

4.2. Context models analysis

The first step is to analyze generic context models
from the multidisciplinary domain of context
(including computer science, psychology, and
business) in order to identify a fitting one for the
envisaged system.

An overview of various published context models
is given in Tab. 1. Researchers and system designers
should be able to draw from the list quickly, instead
of having to perform a thorough literature review
every time they design a new intelligent system.

From the pool of existing generic context models,
system designers should select the one that appears
most appropriate for the envisaged intelligent system.

We suggest that researchers/designers use an open
card sorting procedure. However, they can use other
techniques as well. For the card sort, each generic
context model is written/drawn on a card together
with a concise representation of the context elements
of the respective model. Then, the participants sort
these cards into piles according to their perceived
fitness for the envisaged intelligent system.

Besides the ‘paper and pencil’ approach, teams can
apply electronic card sorting, which eases both the
sorting task and data collection. To come up with a
jointly accepted hierarchy of models, Maier and Stix
[38] propose an automatic construction algorithm.

4.3. Working model creation

4.3.1. Top-down conceptualization

Researchers/system designers begin the first phase
of conceptualizing context by challenging the
applicability of the context model they selected for
the envisioned intelligent context-adaptive system.
As teams participate in top-down brainstorming and
group discussions, they will a) rename categories,
b) refine the model, and/or c) extend the model to
embrace further context elements that may also be
domain-specific.

The model should also reflect the entity providing
the intelligent system. To acknowledge this
additional stakeholder, we suggest adding a high-
level category called ‘domain-specific context’ to the
working model.

As they work on the second level of model detail,
researchers/designers should again rename, refine,
and extend context categories.



4.3.2. Bottom-up conceptualization

When teams refine and extend a generic context
model, they do not yet produce a sufficiently
thorough conceptualization of context. To specify
“context feature space on the third level” [48], we
need to consider context from the user’s situational
perspective. Thus, researchers/designers must think
about the specific situation in which the intelligent
system is provided and try to bring together all
context elements that could be needed to support
adaptivity in the end.

Researchers/designers  discussing the specific
context elements needed for the intelligent system
will find it fruitful to apply scenario-based design [9].
The conceptualizing team should think about

situational scenarios involving the adaptive
functionality provided by the envisioned intelligent
system.

The gap between the situational detail and the
broader categories identified in the top-down
conceptualization requires further structuring to
allow for a thorough conceptualization of context.

Therefore, CCFIS introduces a hierarchical
specification of the top-down categories on three
levels: a macro, micro, and situational level. The
macro level is valid for all model applications. It
should be considered as a further refinement of the
categories as identified in the top-down
conceptualization, but specific to the envisioned
intelligent system use.



Tab. 1. Overview of generic context models, sorted by numbers of hierarchy levels and nodes

Authors

Type of
publication

H*

N *

Context elements

Prekop and Burnett [43]

Journal

1

2

agent, activity

Lucas [33]

Journal

physical, device, information context

Lieberman and Selker [30]

Journal

user, physical, computational environments, interaction
history (time)

Bradley and Dunlop [6]

Journal

task, physical, social, temporal, cognitive

Turel [54]

Journal

who (user), when (time), where (environment), why
(motivation), what (task/goals)

Schmidt, Aidoo, Takaluoma,
Tuomela, Laerhoven and Velde
[47]

Lecture Notes

self (device state, physiological, cognitive), environment
(physical, social), activity (behavior, task)

Dix, Rodden, Davies, Trevor,
Friday and Palfreyman [15]

Journal

infrastructure, system, domain, physical context

1SO 9241-210:2010 12 15 [25]

Standard

users or groups of users (knowledge, skill, experience,
education, training, physical attributes, habits, preferences,
capabilities), goals and tasks, technical (hardware, software,
materials), physical (thermal conditions, lighting, spatial
layout, furniture), social and cultural environment (work
practices, organizational practices, attitudes)

Jameson [26]

Journal

situation's behavior, consequences for user (e.g.,
interestingness), utility for user, features of the situation (e.g.,
user's location), current state of user (e.g., cognitive load),
longer-term properties of user (e.g., knowledge, interests),
readings from context sensors (e.g., GPS), readings from
physiological sensors, user's behavior with the situation

Jumisko-Pyykkd and Vainio [27]

Journal

social (persons present, interpersonal actions, culture),
physical (spatial location, functional place and space, sensed
environmental attributes, movements and mobility, artefacts),
technical and information (other systems and services,
interoperability, informational artifacts and access, mixed
reality), temporal (duration, time of day/weeks/year,
before/during/after, actions in relation to time, synchronism),
task context (multitasking, interruptions, task type), context
properties (level of magnitude, dynamism, pattern, typical
combinations)

Lee, Kim and Kim [29]

Journal

personal (emotion, time, movement), environmental
(physical, social)

1SO 9241-11:1998(E) [24]

Standard

users (user types, personal attributes), tasks, equipment (basic
description, specification), organizational (structure, attitudes
and culture, job design), technical (configuration), physical
environment (workplace conditions, workplace design,
workplace safety)

Sigg, Haseloff and David [50]

Journal

location (geographical, relative), time (period, relative),
activity (action, task), constitution (biological, mood),
environment (physical, technological, equipment), identity
(user, social, organizational)

Truillet [53]

Lecture Notes

human factors (user, social, environment, task), physical
environment (conditions, infrastructure, location)

Schmidt, Beigl and Gellersen [48]

Journal

human factors (user, social, environment, task), physical
environment (conditions, infrastructure, location), time

H... number of hierarchy levels; N... number of nodes on the root+1 level;

* We assume that a generic context model follows a tree structure with ‘context’ as the root element.




For example, if the task of a user is specified as
‘shopping’, then the location of the service is the
region where an intelligent system is launched (e.g.,
London). The micro level then filters this macro level
information category and helps apply it to a specific
system environment (e.g., a specific store in Notting
Hill that has specific weather conditions, specific
clientele, etc.). Accordingly, the specific system
environment supplies more detailed information than
the macro factors. Finally, the situational level
describes an ‘adaptive incident’ or ‘moment of
service delivery’ that happens in the system
environment.

For context adaptivity, the situational level is the
determining factor, as systems have to adapt to the
actual conditions at the scene at the moment of
service delivery. Still, understanding the micro and
macro levels has proven useful for identifying the
spectrum of relevant and available information
sources.

4.4, Formative model evaluation

In the second phase of model development, the
conceptualizing team evaluates the working model in
a formative way by applying a systematic technique:
expert interviews with card sorting [45]. Again, the
team should choose both a top-down and a bottom-up
approach. Note that the working model evaluation is
formative in nature and is, thus, to be considered as
part of the conceptualization efforts.

4.4.1. Formative top-down evaluation

The conceptualization team should represent the
working model with cards (for instance, sticky
notes). Participants should be briefly informed about
the context of the project, the working model’s first
level of hierarchy (root+1) and the systematics of the
macro, micro, and situational levels. When a
participant does not understand a category’s
semantics, he or she should receive brief
clarification. However, to avoid priming, no other
questions should be answered.

Participants should be asked to interpret the
overall working model while thinking-aloud so that
their thoughts can be captured (top-down evaluation).
They should be encouraged to rename categories or
introduce new ones. Furthermore, they should be
instructed to rearrange the categories until they feel
satisfied with the model.

4.4.2. Formative bottom-up evaluation

In a second exercise, participants should be
introduced to a specific situation in which the use of
the intelligent system is envisioned. Then they should
be asked to classify the context elements of the
situation to their (rearranged) working model
(bottom-up evaluation). Again, the participants
should be given the opportunity to rename and
rearrange the categories or introduce new ones until
they feel that they can accurately classify the
situation.

4.4.3. lterations

The result of this two-sided approach of card
sorting will probably encompass rephrasing and
rearranging many of the categories on all three
(macro, micro, and situational) levels and
introducing new categories. The conceptualization
team should repeat the formative model evaluation
phase with additional participants until saturation,
which means that the team does not gain any new
insights from participants [5].

4.5. Summative model evaluation

When building taxonomies, a set of possible errors
can be made [20]. Accordingly it is important to
evaluate the resulting taxonomy. Taxonomies can be
evaluated against many criteria: coverage of a
particular domain, richness, complexity, granularity,
consistency, completeness, conciseness,
expandability, sensitiveness, etc. [20, 39]. For one
source that shows how to deal with these criteria, see
[21].

To ensure that the model is comprehensive and
covers the particular domain of the envisaged
intelligent system, the designer (team) should review
the specification of the system’s goals and verify that
the model is a good fit. Assessment by humans
against a set of criteria have, for instance, been used
extensively in  studies of ontologies and
terminologies for systems in the context of
biomedicine [e.g., 51, 52].

5. Case study: Application of CCFIS

This section demonstrates how CCFIS is applied.
This paper’s author provided the project specification
(Section 5.1). Two researchers from the field of
information systems (non-experts in the field of



context-aware computing) formed the ‘design team’
for the case study and carried out the
conceptualization efforts.

After presenting the specification of the envisaged
system, this section explains how CCFIS is
embedded in the software development process.
Then, we describe how we conceptualized context
for the pervasive advertising domain in retailing. We
present the results in terms of a specific context
model (Fig. 6). For details, see also [3].

5.1. Specification of the envisaged intelligent
system’s goals

The project owner’s specifications to the design
team can be summarized as follows: The design
team’s task is to design an intelligent context-
adaptive advertising system aimed at increasing the
sales volume of ice cream. Networked digital
displays (digital signage) are distributed between the
outlets of a particular supermarket chain; they are
used as interfaces to present context-adaptive
advertising messages. The digital displays are
mounted onto shelves or hang from ceilings. The
supermarket offers standard and luxury ice cream. It
is known that people are more responsive to ice
cream advertisements when it is hot.

We now outline the exemplary experience that a
design team has when applying CCFIS. The main
question to be answered by conceptualizing context
for this setting is, which context elements are
available and meaningful to allow an intelligent
contextualization.

5.2. Integration of CCFIS within the process of
intelligent system development

As this case study’s main purpose was to evaluate
the applicability of CCFIS, we opted for a simple

Context

software development process model, the Waterfall
model. In doing so, we could begin straight away
with conceptualizing context for the envisaged
system after having read and understood the project
specifications. Accordingly, we applied CCFIS in the
early phase of requirement engineering.

We could have opted for a model that assumes that
requirements engineering continues through the
lifetime of a system (e.g., rational unified process,
extreme programming, or SCRUM). We are aware
that this simple Waterfall model is not widely applied
in practice. Still, we believe that the chosen case
study is illustrative for the integration of CCFIS in
the software development process.

5.3. Context models analysis

Out of the set of generic context models presented
in Tab. 1, we selected the context model by Schmidt,
Beigl and Gellersen [48] as a starting point for the
conceptualization process because it seemed to be the
most appropriate one for the envisioned system.

We chose this model because of its structure,
which seemed elaborate due to having several
hierarchy levels. At the same time, this model offered
only three nodes on level one, which seemed more
flexible than, for instance, the nine nodes with the
model by Jameson [22]. The design team considered
flexibility to be important due to the advertising
domain’s versatility and complexity.

Fig. 3 provides an overview of this model by
Schmidt, Beigl and Gellersen [48]. They distinguish
context related to human factors from context related
to the physical environment. On a second level, they
operationalize human factors as information about
users themselves, their social environment, and their
tasks. The physical environment includes information

Physical
Environment

Infra-
structure

Location Physical

Conditions

about location, infrastructure, and physical
conditions.

1

Human Factors

1
1 1 1
Social
Environ- Task User
ment

Fig. 3. The generic context model by Schmidt, Beigl and Gellersen [48]



5.4. Working model creation

After we selected the generic context model by
Schmidt, Beigl and Gellersen [48] as a starting point,
we challenged this model’s applicability to the
pervasive advertising domain.

5.4.1. Top-down conceptualization

Top-down brainstorming and group discussions
led us to refine the model for the advertising domain
and extend the model to embrace all stakeholders.
More concretely, when we refined the top-level
taxonomy, we renamed the ‘human factors’ category
to ‘consumer’s environment’. The refined category
refers to the particular role of humans that pervasive
advertising targets: consumers. Furthermore, we
opted for consumer ‘environment’ because this term
is more precise than ‘factors’, particularly when
embracing also social issues at lower levels of the
taxonomy. We extended the model after considering
that the entity delivering the advertising (the
company advertising its products) should also be
reflected. Accordingly, we added a high-level
category called ‘advertiser’s environment’.

On the second level of model detail, we kept five
of the six context categories as proposed by Schmidt,
Beigl and Gellersen [48]: consumer profile, social
environment, task, location, and conditions. We
deemed it necessary, however, to rename and amend

them to fit the advertising setting. Reflecting on the
model and discussing it in the group led us to
differentiate between ‘manipulable’ and ‘non-
manipulable’ environmental conditions.
‘Manipulable’ conditions are environmental states
that the system operator can influence (e.g., light
conditions in a shop). ‘Non-manipulable’ conditions
cannot be manipulated: they are given by nature (e.g.,
outdoor temperature). From the perspective of the
system designer (who performs the context
conceptualization), this distinction is significant
because these two context categories entail different
consequences for a system’s operations and have to
be considered adequately in system design. Non-
manipulable environmental conditions are passively
sensed and may or may not be used as input data for
the system at hand. Manipulable environmental
conditions, in contrast, can be actively controlled and
designed in order to trigger a certain experience of
interacting with the intelligent system. For example,
while outdoor temperature is controlled by nature
(non-manipulable), the temperature inside of a store
could be set (manipulable) to a desired level. For
advertising ice cream, for instance, when consumers
are hot outside (non-manipulable) and hot inside
(manipulable), they would probably buy more ice
cream than if they were inside an air-conditioned
store.

Furthermore, three additional context categories in
the advertiser’s environment category emerged on

Context
o .
Advertiser’s | Physical Consumer
,' Environment Environment

Environment

1 1
Product | Product |

and | and |
Service | Service |
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Fig. 4. Overview of the refinements of the context model for pervasive advertising [3]



the second level of model detail: product and service
demand, product and service offering, and the
advertising campaign itself, which is the object of the
adaptive advertising system. Fig. 4 provides an
overview of the model’s refinements. Renamed
elements are given in italics; additionally, a dashed
line highlights newly introduced elements.

5.4.2. Bottom-up conceptualization

We followed a bottom-up approach, considering
specific scenarios in which adapted advertisements
are provided to a consumer. This approach
contributed effectively to consolidating the various
specific context categories needed to support such an
advertising system.

Although the specification for the envisaged
intelligent system was dedicated to the sale of ice
cream, the design team concurred that the system has
to be designed in a way such that it is scalable to

Context

cover advertising other products as well. Therefore,
the team also considered several non-ice-cream-
related scenarios.

One scenario focused, for instance, on a hair-
coloring product designed to cover grey hair. Ideally,
an advertisement for this product should be specific
to a customer’s sex, age, and hair color. Such an
advertisement should only be publicly displayed
when most people near the display are those the
advertisement targets. It should be shown at the
moment when the prospective customer is near hair-
styling shelves. And it should only be shown if the
product is on the shelf (or at least in stock).

In accordance with CCFIS, we introduced three
hierarchical levels: a macro, micro and situational
level. Fig. 5 provides an overview of the structuring
approach, summarizing an excerpt of the final
specific pervasive advertisement context model
(context taxonomy).

Advertiser’s
Environment

Physical
Environment

Consumer

Environment

Social
Environment

Consumer

All Pervasive Ad hoc

A Public vs. Shopping vs. Stable Segment Dynamic
Advertising Private Space Purposeful Traits Segment Traits
Contexts Purchasing

. [ [ [ [

The specific

A . . L , Individual’s
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Behavior

i i Individual Social
Sltuatlo_nal Interaction at Purchase Heiseh);' CV‘%ei' ht Mood, Styling,
Ad Delivery Moment of Objective Hgair'Colog ' Action

Fig.

Service Delivery

5. Hierarchical structure on a macro, micro, and situational level [3]




5.5. Formative model evaluation

For evaluating and further developing the working
model as part of the conceptualization, five academic
experts were individually invited to serve as
participants. On a plain wall, the working model was
depicted with sticky notes, with each model item
written on a single note. Additionally, the
participants had a printout of the working model at
their disposal. The participants were briefly informed
about the context of the research, the first level of the
model, and the systematics behind the macro, micro,
and situational levels.

5.5.1. Top-down evaluation

The participants were first asked to interpret the
overall working model while thinking-aloud so that
their thoughts could be captured. They were also
instructed to rearrange the sticky notes or introduce
new ones until they were satisfied with the model.
Interestingly, all participants — except one— first
went through the entire model and only then started
rearranging the notes.

Based on the insightful expert interviews, we
rephrased many categories. For instance, we renamed
manipulable and non-manipulable consumer profile
to ‘stable consumer profile’ and ‘situational
consumer profile’ because an interviewee said, “One
can probably manipulate personality. Sex — even that
is manipulable. Those are, let’s say, at least long-
term. This is nothing that one can change within the
next five minutes. [...] There are states that may
change dynamically and other that are rather long-
term — rather stable.” We omitted the category
‘infrastructure’, and moved ‘design template’
(formerly part of infrastructure) to the category
‘location’. We integrated ‘marketing policy’ into
‘advertising campaign’, as suggested by the
interviewees: “So, we have marketing policy, which
is generally given. [...] And why is this part of
infrastructure? Hmm... [...] Advertising campaign.
Somehow this is also linked with that, isn’t it? —
Marketing.”

5.5.2. Bottom-up evaluation

In the second exercise, participants were asked to
classify a specific advertising adaptivity situation
according to their rearranged working model. For this
purpose, they were told to assume that a fully
functional pervasive advertising system would be
installed in a store. They should recall one of their

last shopping experiences in a (physical) store and
imagine that they encountered the context-adaptive
advertising system. Again, they had the opportunity
to rearrange the sticky notes or introduce new ones
until they felt that they could accurately classify the
situation. Interestingly, all participants felt satisfied
with their models. Everybody could depict the
situation in the model and none of them restructured
it (again).

5.5.3. lterations

As indicated, the result of this two-sided approach
of card sorting was that we rephrased and rearranged
many of the categories on all three (macro, micro,
and situational) levels. After iterating the process
with five experts, we achieved saturation, as no new
insights popped up. Fig. 6 shows the resulting
context model (taxonomy) for pervasive advertising.

5.6. Summative model evaluation

For the summative evaluation of the context model
as depicted in Error! Reference source not found.,
we opted for an assessment by the design team (i.e.,
human assessment). The design team used the
following criteria for assessment: coverage of the
advertising domain, applicability for the retailing
environment (retail premises), and consistency.

However, the use of this specific context model
(Fig. 6) in a real-world setting is beyond the scope of
this paper. This model is to be regarded as an
example result of the conceptualizing process. For
practical implementation, more work must be done
on how to systematically use the case study’s context
model in the targeted real-world setting (in this case,
in retail premises).

6. Evaluation and Discussion

By using CCFIS, we conceptualized context for a
specific intelligent, pervasive advertising system in
retail. However, researchers/designers may find the
system-specific context model that resulted from the
case study too broad for implementing a fully
functional system. Further narrowing the variety of
context elements and highlighting their relationships
within the envisaged system may be necessary.

Fig. 7 provides a simplified example of how the
context model (Fig. 6) may be further particularized
and transformed into an ontology for a specific
contextual advertising scenario that could be



juswiuoldinug

sJawnsuo)

JjuswiuoJiaug
[ed1sAyd

juswiuoldinug

s JasIMaApY

uonoy 10109 JteH uonoes| @Emmc_v (181yseD JusWash SaAjays o [enpiAipu|
! b f . 2.5€ B3 ! ! Ny
‘uonow3 ,E%&%Gm . wm_mﬂwmm [e100s w%w_wwrﬁ% 3Ug0S a4 :_m”“__.w § 18 "6'8) aNs -13ApY fungeyeny | | 301viseg
‘poon Aeuosiog [enpinIpu| + 1e Jaypeam o Je uonisod [y oS buiddous m:oz_wbw_._
—T | T PUELE
—{ Jloineysg sondeH u_ﬂ:w_Emum
‘sonydeaow | ((SoMderBown (T o 30edS ‘alse) .% 9 3unAeq 3015 31015 31015
~8-0190S -5Q-01905 Burng ® 40 Ausuaq Jleuws AtpiunH ‘U0seag ans oiy19ads urela) e Ul urels)
a1ueukg alo@IS o1 ober [e190S 4o WbIS PR ‘aseyd [enpiAIpU eioppes | [ Amcereny | | e unieseq [9Aa7]
S, [eNPIAIPU s [enpIAIpU| ! uondadsad ‘pUNo dusydsowny ‘poLad ubredwen >001S Buiddoys 1IN
[eNPIAIpU] punos .
L T . T i . T T T
|_| 1| Buiseyoing _ _ _ _ T e
STITR speiL Ingasodingd uondaalad -nuei pue
Jswhas Jswhas 'SA aoeds soLiayds arewnD E uoibay Abarens Jaiiddns je iseq
ILeuAq . Buiddoys aJeALd -owny B b : Bunaxren AungeieAy Buiddoys 1ena
! ) 'sAo1jgn
T T 20H-pY 19nd . . . . . o01s 0I0BI\|
— T R — _ _ _ _
SUONIPUOD SUONIPUOD T2
a|10id sseL .c%ﬂ_ﬁ__m |eJUBLIUOIIA -uawuolIAug 7 uoneao] ubredwed w_“__ﬁw% w%\ﬁ_wm
18WNSU0D ! -uz a|qe ajqeindiuepy ! BuIsiLanpy ! !
[e190S ndhweg on pue onpoid | | pue 1onpoid

Fig. 6. A context model (taxonomy) for pervasive advertising in retail [3]

true). Note that it is

opertional variables (e.g., rain

supported by the envisaged system. The shown

just a simplified example for one fictitious scenario.

ontology includes context elements that are more

Still, this example argues in favor of the utility of
the framework; it also pinpoints the next steps that

have to be performed, which are outlined below.

specific than the ones in the context model, and

presents relationships within the envisaged scenario.

By means of an excerpt of pseudo-code, Fig. 8

First, researchers/designers must take additional

illustates how the ontology for the contextual
advertising scenario (Fig. 7) may be transformed into

low-fidelity

scenario  method,

(e,

steps
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Fig. 7. Ontology for a contextual advertising scenario

prototyping) to select a limited set of context
elements and specify the adaptivity logic that reveals
the greatest utility for the system. Furthermore, the
adaptivity logic (i.e., the interaction of context
elements), which interrelates the selected context
elements for the envisaged system, has to be defined.
The interactions between context elements can be
statically or dynamically operationalized. A static
operationalization may use a deterministic logic, such
as conditional statements (e.g., if-then-else
constructs) [22]. An example of a dynamic
operationalization would be one using artificial
neural networks (e.g., such as those used for load
management in power grids [28]).

Second, when developing an intelligent context-
adaptive system, designers must consider the level of
detail (e.g., granularity, required accuracy, or
homogeneity) in which they need to specify context
elements for a system to fulfill its purpose.
Accordingly, they must use a technological approach.

This task, though, is not within the scope of
conceptualizing context.

When we compare the resulting system-specific
context ontology of the case study with the presented
generic context models (Tab. 1), we observe that the
generic models’ categories largely differ from those
in the ontology. The ontology’s categories are much
more specific and particularly domain-specific. From
this, we can conclude that the generic context models
can, at most, serve as inspiration for the design of
intelligent  context-adaptive  systems. CCFIS’
process-oriented approach to context
conceptualization appears to be superior for
specifying the contextual requirements in real-world
projects. Furthermore, the lack of domain-specific
context aspects is a clear drawback of existing
model-oriented approaches. Against this background,
we reason that CCFIS better supports system
designers in their task than static and purely generic
approaches.



{set producttype (“luxury”);}
else {set producttype (“standard”);}

}

else {set advertisementcolors (“standard”);}

if (social environment.number of persons present >= 1
&& activity.task involvement.number of persons looking at display >= 1)

if (social environment.micro-social environment.average purchasing power == “high”)

if (physical environment.functional.instore == true
&& physical environment.atmospherics.light conditions == “dark”)
{set advertisementcolors (“bright”);}

if (physical environment.weather.weather outside supermarket.rain == true)
{show advertisement (“umbrella”);}
} else {
if (physical environment.weather.weather outside supermarket == "hot”
&& location.distance to ice-cream shelf <= 3 meters
&& advertisers environment.product offering.ice-cream onstock == true)
if (advertiserX.last invoice paid == true
&& resource availability.advertiserX.ice-cream onstock == true)
{show advertisement (“ice-cream of advertiser X”);}
else {show advertisement (“ice-cream of supermarket brand”);}

else {show advertisement (“supermarket self-advertisement”);}

Fig. 8. A partial pseudo-code for a contextual advertising scenario

7. Conclusion

The key for any intelligent context-adaptive
system is a thorough conceptualization of context.
Existing approaches to conceptualize context
represent an attempt to structure the variety of
context in the form of generic context models.
However, these models are static and do not target
system design but are, in most cases, generated to
define concepts; thus, these models support system
designers only rudimentarily.

This paper proposes the framework ‘CCFIS’ for
conceptualizing context to support system designers
in designing intelligent context-adaptive systems.
CCFIS follows a top-down and bottom-up approach
and considers the perspectives of both system
designer and user of an envisaged intelligent system.
Furthermore, CCFIS integrates existing generic
context models and builds on them. Moreover,
CCFIS supports the opportunistic sensing paradigm
[35], as it abstracts from sensors and allows for
conceptualizing context on an implementation-
independent level.

This work contributes to the context-aware
research field in several ways. First, it provides

designers of intelligent context-adaptive systems with
a systematic framework for conceptualizing context,
which is among the first that are based on a process
methodology. The exemplary instantiation of CCFIS
(case study) has demonstrated that it is applicable.
Second, this work indicates the importance of
considering domain-specific context, which we
exemplified in the field of pervasive advertising.

A limitation of CCFIS is that researchers/designers
cannot use it to identify an appropriate generic
context model to build on. Yet, researchers are
encouraged to come up with more supporting generic
context models to build on and to propose applicable
methods for model selection.

Furthermore, CCFIS is idealistic, assuming that
any kind of context can be easily retrieved. However,
while information on some context elements is
technically easy to access (e.g., time or location),
other elements — particularly those describing
humans’ inner states — may be challenging to gather
(e.g., emations, intentions). We, though, believe that
context conceptualization and technical feasibility
studies should be considered as separate phases in the
design process. Thinking about technical challenges
too early in the design process may result in less
innovative solutions or even in systems that do not
sufficiently reach the original adaptivity goals.



Finally, this work is limited as far as how
applicable CCFIS is depending on the scale of a
project, its resources (e.g., time, employees), and
constraints (e.g., storage, performance). Also, this
work does not cover the evaluation and quality
assurance of ontologies derived by applying CCFIS.
Future work should include a comparison of CCFIS
to traditional, ad-hoc approaches and evaluate the
results quantitatively and qualitatively.

CCFIS should inspire scholars to take a similar
approach for conceptualizing context in various
domains.
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